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(57) ABSTRACT 

An appearance inspecting apparatus includes a parts feeder 
aligning rubber stoppers in tandem by torsionally vibrating a 
boWl having a spiral track formed therein, an air conveying 
portion conveying the rubber stoppers aligned in tandem by 
blowing compressed air thereto, ?rst and second conveying 
tables conveying rubber stoppers by suction-holding a sur 
face not to be inspected of the rubber stoppers, an inspecting 
portion inspecting a surface to be inspected of the rubber 
stoppers conveyed by the ?rst and second conveying tables, 
and a selecting portion sorting out rubber stoppers that are 
determined to be defective, in accordance With the result of 
inspection by the inspecting portion. Objects to be inspected 
having a complicated shape are aligned preliminarily by 
using a vibration parts feeder, While highly accurate appear 
ance inspection is conducted. 

9 Claims, 15 Drawing Sheets 
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CONVEYING EQUIPMENT AND 
INSPECTION DEVICE 

TECHNICAL FIELD 

The present invention relates to an apparatus for inspecting 
an appearance of an object and an apparatus for conveying the 
object used With the appearance inspecting apparatus and, 
more speci?cally, to an inspecting apparatus for inspecting an 
appearance of an object such as a rubber stopper of an inj ec 
tion solution vial, caps, tablets and capsules having a not 
entirely-uniform surface to be inspected, and to a conveying 
apparatus used for the inspecting apparatus. 

BACKGROUND ART 

A rubber stopper of an injection solution vial is put on an 
opening of the vial containing the injection solution, and 
peripheral portion of the stopper is ?xed by a clamp. When the 
injection solution in the vial is to be introduced to a syringe, 
a syringe needle is put into the center of the rubber stopper. 

In this manner, the rubber stopper for an injection vial 
comes to be in direct contact With the syringe needle. There 
fore, it is necessary to inspect the appearance of the stopper 
before it is put on the vial. Japanese Patent Laying-Open No. 
2000-266685 discloses an apparatus for inspecting appear 
ance of such rubber stoppers. The inspecting apparatus dis 
closed in this laid-open application includes an aligning and 
supplying portion, a guide rail, a ?rst conveying portion and 
a second conveying portion. The ?rst conveying portion 
includes a ?rst inspecting portion and a defect ejecting por 
tion, and the second conveying portion includes a second 
inspecting portion and a defect ejecting portion. The aligning 
and supplying portion sets rubber stoppers to erect attitude, 
aligns the same in tandem in back-and-forth direction, and 
supplies the same to the ?rst conveying portion. By Way of 
example, a knoWn parts feeder or the like may be used as the 
aligning and supplying portion. The guide rail guides the 
rubber stoppers supplied from the aligning and supplying 
portion and supplies the rubber stoppers to the ?rst conveying 
portion While regulating their positions in the left-and-right 
direction. A knoWn belt conveyer or the like may be used as 
the ?rst conveying portion. The ?rst conveying portion con 
veys forWard the rubber stoppers in the erect attitude at a 
constant speed, While supporting from beloW the rubber stop 
pers at prescribed positions in the left-and-right direction, so 
that the stoppers are positioned at a prescribed interval in the 
back-and-forth direction. The second conveying portion con 
veys forWard the rubber stoppers in the erect attitude at a 
constant speed, While supporting from above the rubber stop 
pers at prescribed positions in the left-and-right direction, so 
that the stoppers are positioned at a prescribed interval in the 
back-and-forth direction. 

In the inspecting apparatus, When the rubber stoppers are 
vibrated at the aligning and supplying portion employing the 
knoWn vibratory parts feeder or the like, the rubber stoppers 
are aligned in tandem in erect attitude. The stoppers in this 
state are guided by the guide rail, and at a ?rst inspecting 
portion of the ?rst conveying portion, appearance is 
inspected. 

In the inspecting apparatus disclosed in the laid-open 
application described above, hoWever, vibration of the parts 
feeder at the aligning and supplying portion is transmitted to 
the inspecting portion. Therefore, a CCD (Charge Coupled 
Device) camera at the inspecting portion vibrates, and clear 
imaging of the rubber stoppers becomes impossible. This 
makes accurate inspection dif?cult. 
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2 
The present invention Was made to solve the above-de 

scribed problem, and its object is to provide an inspecting 
apparatus enabling accurate inspection, of Which inspection 
area is free of any in?uence of vibration even When objects 
have complicated shapes and are preliminarily aligned by 
using a vibratory parts feeder, as Well as to provide a convey 
ing apparatus used for the inspecting apparatus. 

DISCLOSURE OF THE INVENTION 

In order to attain the above described object, the ?rst 
present invention provides a conveying apparatus including: 
aligning means for aligning in tandem objects to be conveyed, 
by applying vibration to the objects; and conveying means 
connected to the aligning means for conveying the objects by 
bloWing compressed air to the objects aligned in tandem. 

According to the ?rst invention, by the aligning means, the 
objects to be conveyed such as rubber stoppers having a 
complicated shape are aligned in tandem. At this time, the 
rubber stoppers placed on a spiral track move on the track and 
are aligned in tandem, While the rubber stoppers themselves 
rotate, because of torsional vibration. Thereafter, the aligned 
rubber stoppers are conveyed not by vibration but by the force 
generated by j et compressed air. Thus, the conveying means is 
free of any vibration, and therefore, it becomes possible to 
mount an inspection camera or the like on the conveying 
means and to inspect Without any vibration. As a result, even 
When the objects are aligned preliminarily by using aligning 
means such as a vibratory parts feeder, the inspection area is 
free of any in?uence thereof, and thus, a conveying apparatus 
enabling accurate inspection can be provided. 
The conveying apparatus in accordance With the second 

invention further includes, in addition to the structure of the 
?rst invention, feeding means connected to the aligning 
means and the conveying means, for feeding the objects to be 
conveyed to the conveying means, by applying vibration to 
the objects that are aligned in tandem, in a traveling direction 
of the objects to be conveyed. 

According to the second invention, as the feeding means 
for generating vibration in the traveling direction of the 
objects to be conveyed is provided, vibration of the aligning 
means is less likely to propagate to the conveying means. 
The conveying apparatus in accordance With the third 

invention further includes, in addition to the structure of the 
second invention, retaining means connected to the feeding 
means and the conveying means, for retaining a predeter 
mined number of objects to be conveyed, and control means 
for controlling the feeding means such that vibration of the 
feeding means is activated and stopped based on the number 
of objects retained by the retaining means. 

According to the third invention, When the predetermined 
number of rubber stoppers are retained by the retaining 
means, vibration of the feeding means is stopped, so as to stop 
transfer of the object from the feeding means to the conveying 
means. Thus, only a prescribed number of rubber stoppers are 
supplied to the conveying means that bloWs compressed air to 
the rubber stoppers. As a result, such a situation that the 
conveying means is forced to convey rubber stoppers exceed 
ing the prescribed number at one time does not occur, and 
therefore, failure in conveying the objects can be prevented. 

In the conveying apparatus in accordance With the fourth 
invention, in addition to the structure of any of the ?rst to third 
inventions, the aligning means includes means for aligning 
the objects to be conveyed in tandem in a predetermined 
orientation, by torsionally vibrating a boWl having a spiral 
track formed therein and bloWing compressed air to the 
objects to be conveyed placed on the track. 
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According to the fourth invention, as the aligning means is 
provided, the rubber stoppers that are placed on the spiral 
track move over the track and are aligned in tandem in a 
predetermined orientation, While the rubber stoppers them 
selves are rotated by the torsional vibration and the com 
pressed air bloWn thereto. Accordingly, the aligning means 
can surely set the rubber stoppers to the predetermined ori 
entation. 

The inspecting apparatus in accordance With the ?fth 
invention includes: aligning means for aligning the objects to 
be inspected in tandem by applying vibration to the objects; 
conveying means connected to the aligning means for con 
veying the objects to be inspected by bloWing compressed air 
to the objects aligned in tandem; inspecting and conveying 
means connected to the conveying means for attracting by 
suction a surface that is not to be inspected of the objects to be 
inspected and for conveying; and inspecting means for 
inspecting a surface to be inspected of the objects conveyed 
by the inspecting and conveying means. 

According to the ?fth invention, by the aligning means, the 
objects to be inspected having a complex shape such as rubber 
stoppers are aligned in tandem. At this time, the rubber stop 
pers that are placed on the spiral track, for example, move 
over the track and are aligned in tandem, While the rubber 
stoppers themselves are rotated by torsional vibration. Then, 
the aligned rubber stoppers are conveyed by the force gener 
ated by the jet compressed air, not by vibration. The inspect 
ing and conveying means suction-holds a surface not to be 
inspected of the object by air suction, and in this state, the 
objects are inspected by the inspecting means. Acceptable 
rubber stoppers are separated from defective ones, based on 
the result of inspection. Therefore, there is no vibration in the 
conveying means and the inspecting and conveying means, so 
that it is possible to inspect Without any in?uence of vibration, 
by arranging the inspecting means in the inspecting and con 
veying means. As a result, even When objects are aligned 
preliminarily by using the aligning means such as a vibratory 
parts feeder, the inspecting area is free of any in?uence 
thereof, and thus, an inspecting apparatus capable of accurate 
inspection can be provided. 

In the inspecting apparatus in accordance With the sixth 
invention, in addition to the structure of the ?fth invention, the 
inspecting and conveying means includes at least tWo proj ec 
tions provided to abut a side surface, in the traveling direction, 
of a column of the object to be inspected, and means for 
conveying by suction-holding the surface not-to -be-inspected 
of the object positioned by the projections. 

According to the sixth invention, the object to be inspected 
has a columnar bottom portion, and the bottom surface of the 
column is the surface that is not to be inspected. The proj ec 
tions abut at least tWo portions of the side surface of the 
column, and can easily position the object to be inspected. 
Particularly, When the object is conveyed by compressed air, 
it is di?icult to position the object by utiliZing a recessed 
portion ?tting the shape of the entire circumference of the 
bottom surface of the column. Even in that case, the object to 
be inspected can easily be positioned. 

The inspecting apparatus in accordance With the seventh 
invention includes, in addition to the structure of the ?fth 
invention, feeding means connected to the aligning means 
and the conveying means for feeding the object to be con 
veyed to the conveying means, by applying vibration to the 
objects to be inspected that are aligned in tandem, in a trav 
eling direction of the objects to be conveyed. 

According to the seventh invention, as the feeding means is 
provided that vibrates in the traveling direction of the objects 
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4 
to be inspected, vibration of the aligning means is less likely 
to propagate to the conveying means. 
The inspecting apparatus in accordance With the eighth 

invention includes, in addition to the structure of the seventh 
invention, retaining means connected to the feeding means 
and the conveying means for retaining a predetermined num 
ber of objects to be inspected, and control means for control 
ling the feeding means such that vibration of the feeding 
means is activated and stopped based on the number of 
objects to be inspected retained by the retaining means. 

According to the eighth invention, When a predetermined 
number of rubber stoppers are retained by the retaining 
means, vibration of the feeding means is stopped, so that 
transfer from the feeding means to the conveying means is 
stopped. Accordingly, it folloWs that only a prescribed num 
ber of rubber stoppers are supplied to the conveying means 
that bloWs compressed air to the rubber stoppers. As a result, 
such a situation that the conveying means is forced to convey 
rubber stoppers exceeding the prescribed number at one time 
does not occur, and therefore, failure in conveying the objects 
can be prevented. 

In the inspecting apparatus in accordance With the ninth 
invention, in addition to the structure of any of the ?fth to 
eighth inventions, the aligning means includes means for 
aligning the objects to be inspected in tandem in a predeter 
mined orientation, by torsionally vibrating a boWl having a 
spiral track formed therein and by bloWing compressed air to 
the objects to be conveyed on the track. 

According to the ninth invention, as the aligning means is 
provided, the rubber stoppers that are placed on the spiral 
track move over the track and are aligned in tandem in a 

predetermined orientation, While the rubber stoppers them 
selves are rotated by the torsional vibration and the com 
pressed air bloWn thereto. Accordingly, the aligning means 
can surely set the rubber stoppers to the predetermined ori 
entation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective overall vieW of the appearance 
inspecting apparatus in accordance With an embodiment of 
the present invention. 

FIG. 2 is a perspective vieW (part 1) of the appearance 
inspecting apparatus in accordance With the embodiment of 
the present invention, and 

FIG. 3 is a perspective vieW (part 2) of the appearance 
inspecting apparatus in accordance With the embodiment of 
the present invention. 

FIG. 4 is a perspective vieW of a parts feeder of the appear 
ance inspecting apparatus in accordance With the embodi 
ment of the present invention. 

FIG. 5 is a perspective vieW of a linear feeder of the appear 
ance inspecting apparatus in accordance With the embodi 
ment of the present invention. 

FIG. 6 is a perspective vieW of an air conveying portion of 
the appearance inspecting apparatus in accordance With the 
embodiment of the present invention. 

FIG. 7 is a perspective vieW of an inspecting portion of the 
appearance inspecting apparatus in accordance With the 
embodiment of the present invention. 

FIG. 8 is a perspective vieW (part 1) of a ?rst conveying 
table of the appearance inspecting apparatus in accordance 
With the embodiment of the present invention, and 

FIG. 9 is a perspective vieW (part 2) of the ?rst conveying 
table of the appearance inspecting apparatus in accordance 
With the embodiment of the present invention. 
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FIG. 10 is a perspective vieW (part 1) of a second conveying 
table of the appearance inspecting apparatus in accordance 
With the embodiment of the present invention, and 

FIG. 11 is a perspective vieW (part 2) of the second con 
veying table of the appearance inspecting apparatus in accor 
dance With the embodiment of the present invention. 

FIG. 12 is a plan vieW of the appearance inspecting appa 
ratus in accordance With the embodiment of the present 
invention. 

FIG. 13 is a side vieW of a vibratory parts feeder of the 
appearance inspecting apparatus in accordance With the 
embodiment of the present invention. 

FIG. 14 is a top vieW of a rubber stopper to be inspected by 
the appearance inspecting apparatus in accordance With the 
embodiment of the present invention. 

FIG. 15 is a side vieW of the rubber stopper to be inspected 
by the appearance inspecting apparatus in accordance With 
the embodiment of the present invention. 

FIG. 16 is a bottom vieW of the rubber stopper to be 
inspected by the appearance inspecting apparatus in accor 
dance With the embodiment of the present invention. 

FIG. 17 is a How chart representing the control scheme of 
a conveying control program executed by the appearance 
inspecting apparatus in accordance With the embodiment of 
the present invention. 

BEST MODES FOR CARRYING OUT THE 
INVENTION 

One embodiment of the present invention Will be described 
in the folloWing With reference to the ?gures. In the folloWing 
description, same parts are denoted by same reference char 
acters. Names and functions of these parts are also the same. 
Therefore, detailed description thereof Will not be repeated. 

FIG. 1 is a perspective overall vieW of the appearance 
inspecting apparatus in accordance With the present embodi 
ment. As shoWn in FIG. 1, the appearance inspecting appara 
tus includes a parts feeder 100 for aligning rubber stoppers 
1000 as the objects to be inspected, a linear feeder 200 for 
conveying rubber stoppers 1000 over linear feeder 200 by 
applying vibration, in linear direction, to the aligned rubber 
stoppers 1000, an air conveying portion 300 connected to 
linear feeder 200 for conveying rubber stoppers 1000 to a ?rst 
conveying table 400 by bloWing compressed air to rubber 
stoppers 1000 that have been conveyed by linear feeder 200, 
the ?rst conveying table 400 holding the bottom surfaces of 
rubber stoppers 1000 that have been conveyed by the air 
conveying portion 300, for conveying the rubber stoppers to a 
?rst inspecting portion 450 that inspects upper surface side of 
rubber stoppers 1000, and a second conveying table 500, to 
Which rubber stoppers 1000 conveyed by the ?rst conveying 
table 400 are transferred, holding the upper surfaces of rubber 
stoppers 1000 and conveying the rubber stoppers to a second 
inspecting portion 550 that inspects bottom surface side of 
rubber stoppers 1000. 

Parts-feeder 100 is vibrated in a prescribed direction, as 
Will be described later, and by the thus applied vibration, 
rubber stoppers 1000 move along a spiral track. During the 
movement, rubber stoppers 1000 are rotated by the vibration 
in the prescribed direction, and guided by an orientation 
regulator guide provided in a boWl, so that the orientation of 
rubber stoppers 1000 is determined. 

Linear feeder vibrates in lateral direction. By the vibration, 
linear feeder 200 conveys rubber stoppers 1000 that have 
been received from parts feeder 100 to air conveying portion 
300. At this time, if the number of rubber stoppers 1000 to be 
conveyed to air conveying portion 300 is too large, rubber 
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6 
stoppers 1000 exceeding a predetermined number cannot be 
conveyed even by the bloWing of the compressed air in air 
conveying portion 3 00. Therefore, When a prescribed number 
of rubber stoppers 1000 are retained in a retaining portion of 
linear feeder 200, linear feeder 200 stops its vibration, so as to 
stop transfer of rubber stoppers 1000 to air conveying portion 
300. 

In air conveying portion 300, compressed air is constantly 
bloWn out in the traveling direction of rubber stoppers 1000 
along a guide. By the force of the compressed air, rubber 
stoppers are conveyed to the ?rst conveying table 400. The 
?rst and second conveying tables are round tables that hold 
rubber stoppers 1000 one by one by air-suction, and rotate in 
a predetermined direction to convey the rubber stoppers 1 000. 

FIG. 2 shoWs parts feeder 100 and linear feeder 200. As 
shoWn in FIG. 2, linear feeder 200 has a function of passing 
rubber stoppers 1000 conveyed from parts feeder 100 to air 
conveying portion 300. 

FIG. 3 shoWs air conveying portion 300 and ?rst and sec 
ond conveying tables 400 and 500. Rubber stoppers 1000 that 
have been conveyed by air conveying portion 300 are held at 
positions of suction openings for air-suction provided at pre 
scribed intervals on a cylindrical end surface, and conveyed 
by the ?rst and second conveying tables 400 and 500. The ?rst 
and second conveying tables 400 and 500 rotate in synchro 
niZation With each other at a prescribed speed of rotation. 
During the rotation, images of illuminated rubber stoppers 
1000 are picked-up by ?rst and second inspection cameras, 
and the appearance is inspected by an image processing appa 
ratus. Here, any damage, dust or the like on the surface of 
rubber stoppers 1000 is detected. 

FIG. 4 is an enlarged vieW of parts feeder 100. As shoWn in 
FIG. 4, parts feeder 100 is torsionally vibrated in the direction 
of the arroW 120. Therefore, on rubber stoppers 1000, the 
force in the traveling direction represented by the arroW 124 
and the force in the direction of rotation represented by the 
arroW 122 are exerted. By these tWo forces, rubber stoppers 
1000 are conveyed in the direction of the arroW 124 While 
rotating, along a guide 106. At this time, rubber stoppers 1000 
having upper and bottom surfaces positioned upside-doWn 
fall through a cutout 102 to boWl 160. In addition to guide 
106, a guide 104 is provided at an upper portion opposing to 
guide 106, corresponding to the shape of rubber stoppers 
1000. 

At a position facing an upper gap of rubber stoppers 1000, 
an orientation regulator guide 112 is provided. By orientation 
regulator guide 112 and by the function of rotation of rubber 
stoppers 1000, orientation of rubber stoppers 1000 is set in a 
prescribed direction, as rubber stoppers are conveyed in the 
direction of the arroW 124 While rotating, abut orientation 
regulator guide 112 While continuously rotating, and are 
guided as they rotate, by orientation regulator guide 112. In 
order to promote rotation of rubber stopper 1000 at the posi 
tion Where orientation regulator guide is provided, com 
pressed air is bloWn out from air ducts 108 and 110. The 
emitted compressed air is directed to an upper portion of 
rubber stopper 1000, facilitating rotation of rubber stopper 
1000. 

FIG. 5 shoWs a junction portion betWeen linear feeder 200 
and air conveying portion 300. Linear feeder 200 has convey 
ing guides 204 and 206 provided therein, and conveys rubber 
stoppers 1000 by vibration in the traveling direction. Further, 
a sensor 202 is provided at a retaining portion, for detecting 
that a predetermined number of rubber stoppers 1000 (for 
example, three) are accumulated. When the third rubber stop 
per 1000 is detected by sensor 202, vibration of linear feeder 










